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u(t,x) = (γ˙(t)y, 0, 0),
IuNb^N
x = (x, y, z)
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N1(t) = τ x,x(t)− τ y,y(t),
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γ˙(t) = γ0 cos(ωt)
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+ u · ∇τ p −∇uτ p − τ p(∇u)T
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+ u · ∇τ p −∇uτ p − τ p(∇u)T
)
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γ(t0, t) = γ˙(t)




































τ p(t,x) = −
∫ t
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(θ1, ϕ1, ..., θN−1, ϕN−1)
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θN−1 = (θ1, ..., θN−1)
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dA = −kT d ln P (r),
=
3kT























































(N − 1)a2 .










































`LfmŁ\^NGt mFho_L m u`Lcft\db,mŁi]N;l\^hFb^XF\dIrmŁ\ cZ
∂ψ
∂t






N*c_FNGh[lc´\^cN;Z ﬂ¦umoZscflmFX ∇u(t,x) r @bdN;Zs`L\^Z¤c_m¦hob^lNNhF_LBmŁ\^c_L-\^ILN
t[`LMLrNG










































+ u(t,x) · ∇xψ(t,x, r)
= − t[c r
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τ p(t,x) = −npkT 3]t + np
∫
(r ⊗ F (r))ψ(t,x, r) dr, ﬂ 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IuNb^N ⊗ t[NG_Lhj\^NGZJ\^ILN(\^N_uZdhFbqLb^h[t[`ul



















+ (u · ∇) u
)
− η∆u +∇p− t[c τ p = ρf ,
t[c
u = 0,
τ p(t,x) = np
∫
(r ⊗ F (r))ψ(t,x, r) dr − npkT 3]t ,
∂ψ(t,x, r)
∂t
+ u(t,x) · ∇xψ(t,x, r)
= − t[c r
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+ (u · ∇) u
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+ u(t,x) · ∇xψ(t,x, r)
= − t[c r
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(X − E(X))2) = E(X2)− (E(X))2 <∞.
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Xt(ω1, ω2) = X0(ω1) +
∫ t
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s ∈ [0, t] [N(IumÏFN ﬂ¦IuNb^N X(s) = X(s; 0, x) 
∂
∂s
(u(t− s,X(s))) = −∂u
∂t








(t− s,X(s)) + b(X(s))∂u
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dXt = b(t,Xt) dt + σ(t,Xt) dBt,
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dt + ϕ′(Xt)σ(t,Xt) dBt
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∇2 : (σσT p) (t,x) = 0, ﬂ 2 ﬃﬂ  













































































p(t, x) = 1√
2pi
exp(−x2/2) c_utLNNGt"ZdhFFN;Z\dILN
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E ((V t − E(V t))⊗ (V t − E(V t)))
























































































































































































































u(t,Xit) ' u(t,Rt) +∇u(t,Rt)(X it −Rt)
¦hFb























W 2t = 0
cfZJ_LNGFNGl\^NGt§
5TN_LhF\dc_LYX
W t = W
1 LN-hF[\,mjc_ H dXt = ∇u(t,Rt)Xt dt−
2
ζ





































dXt(x) + u(t,x).∇Xt(x) dt = ∇u(t,x)X t(x) dt− 2
ζ
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τ p(t) = np
(
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F (Xt)⊗Xt − 2
ζ
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Π(X) = pi(‖X‖) 4HJIY`uZG

























































E(X ⊗ F (X)) =
























(t,x) + u(t,x).∇τ p(t,x)−∇u(t,x)τ p(t,x)− τ p(t,x)(∇u(t,x))T
)
= −τ p(t,x) + npkT ζ
4H
































+ u · ∇τ p −∇uτ p − τ p(∇u)T
)
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τ p = np
(
HE (Xt ⊗Xt)









































































(t,x) + u(t,x).∇τ p(t,x)−∇u(t,x)τ p(t,x)− τ p(t,x)(∇u(t,x))T
)
+Z(tr(τ p))τ p − ζ
4H
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(t,x) + u(t,x) · ∇u(t,x)
)
− η∆u(t,x) +∇p(t,x)
= div (τ p(t,x)) + ρf(t,x),
div (u(t,x)) = 0,
τ p(t,x) = np
(
E(Xt(x)⊗ F (Xt(x))) − kT 3]t
)
,
dXt(x) + u(t,x).∇Xt(x) dt
= ∇u(t,x)Xt(x) dt− 2
ζ


































































































Re ≤ 10 
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+ u · ∇u
)
− (1− )∆u +∇p = div τ p + f ,





E(Xt ⊗ F (Xt))− 3]t
)
,
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(u, p, τ p)
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Microscopic models (kinetic theory)
Macroscopic simulations
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+ (u · ∇) u
)
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u = ux(t, y) ex.

N(_LhŁ t[N_uhj\dN>H



















u(0, y) = 0,
u(t, 0) = V,


























+ (u · ∇) u
)
− (1− )∆u +∇p− t[c τ p = 0,
t[c
u = 0,









(t, x, y, r) + u(t, x, y) · ∇x,yψ(t, x, y, r)
= − t[c r
((














u(0, x, y) = 0,
u(t, x, y = 0) = V ex, ∀t > 0,





















P Qψ(t, y, P,Q) dP dQ,
∂ψ
∂t

























































































































u : [0, T ] −→ H11 (0, L)
Zs`ul,I\dIrmŁ\
∀v ∈ H10 (0, L), Re
d
dt

















u(0, y) = 0,
ﬂ=|[Û{#
IuNb^NN-IumÏFN-t[NG_Lhj\^NGt
H10 (0, L) =
{
v ∈ H1(0, L), v(0) = 0, v(L) = 0}
mF_ut
H11 (0, L) =
{
















































0 ≤ i ≤ N 






















































j = 1, ...N − 1 mj_ut¦hFb n ≥ 0
Zd`ul,I\^IumŁ\
(uh)0j ≡ 0





























































































B = −(1 − )V
[
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∂ψ
∂t






























































































































































































χi,j(P,Q) = Hi(P )Hj(Q),
ﬂD|[ÈzFz'
IuNb^N
H0(P ) = 1, H1(P ) = P, H2(P ) =
1√
2
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Var(PQ− P˜ Q˜)  Var(PQ) 
HJILN-\]hON
Y\db^NMON(Zdc´\^`umŁ\^cho_uZmjb^N















































































E(PQ− P˜ Q˜) [\dILN-¦hobdJmjb,t·¤`LNGb*Zdl,IuNMON-cZNGMOqLhŁXoNGtFH.¦hobNGmFl,I n LN-ZdN










































































































Wnk (1 ≤ k ≤
K)
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(t, y)Q(t, y)− 1
2We
P (t, y)







dQ(t, y) = − 1
2We
Q(t, y)






































































































































































































































































































































































































XY p(t, y,X, Y )dXdY ,
∂p
∂t








































































u=zeros(I+1,1); % Initial velocity
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u=zeros(I+1,1); % Initial velocity
Y=zeros(J,1);X=zeros(J,I);
X_var_controle=zeros(J,1); % Control variate
Y=randn(size(Y));
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%%%% This file contains some integrals of Hermite polynomials
run Ortho_HD_normalise_20
%%%% Physical parameters
d=2; % dimension of the ambiant space
n=1; % number of springs
% Warning: Only d=2 and n=1 are implemented here




I_esp=100; % number of spacesteps
dx=1/I_esp;mesh=0:dx:1;
% Time
N=100; % number of timesteps
dt=T/N; % timstep
l_max=2; % Maximal degree of Hermite polynomials
% Discretisation for q: FULL TENSOR PRODUCT
dim=(l_max+1)*(l_max+1);
disp('Dimension of the Galerkin basis for Fokker Planck:');disp(dim);
% To get the tensorial index as a function of the absolute index
% 0 \leq nu(1) \leq l_max
get_nu=@(i) [ floor((i−1)/(l_max+1)), i−1−floor((i−1)/(l_max+1))*(l_max+1)];
% To get the absolute index as a function of the tensorial index








% Here, D=2 Id
%%%% Operators
disp('Computing matrices...');




% \int_X (1/dt q^{n+1}) r \omega
% since int_P_P= Id, this is only Id
M=eye(dim,dim);
% G = Nabla_u : \int_X ( \nabla_X r \otimes X ) q \omega
% G depends on the timestep




















% of the matrix \nabla u
for i=1:dim % r_i
for j=1:dim % q_j






% A = D : \int_X ( \nabla_X q \otimes \nabla_X r) \omega
% Here, D=2 Id
% D(1,1) * \int \partial_{X_1}P_{i}(x) \partial_{X_1}P_{j}(x) \omega
for i=1:dim % r_i







% D(2,2) * \int \partial_{X_2}P_{i}(x) \partial_{X_2}P_{j}(x) \omega
for i=1:dim % r_i







% Computation of \int X_1 X_2 P_{i}(x) \omega





























u=zeros(I_esp+1,1); % velocity is zero
q=zeros(dim,I_esp);

























% computation of tau
for l=1:I_esp % iteration on the cells
nabla_u=(u(l+1)−u(l))/dx;
nabla_u_old=(u_old(l+1)−u_old(l))/dx;







% Computation of tau(l)
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+ u · ∇u
)
− (1− )∆u +∇p = div τ p + f ,





+ u · ∇τ p −∇uτ p − τ p(∇u)T
)












































= div τ p −∇p+ f ,





















































∀ζ, η ∈ R3
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Ck([0, T ′], H4−k(D), τ p ∈
3⋂
k=0



























































































































































































−η∆u +∇p− div τ p = f ,
div u = 0,
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+ u · ∇u
)
− (1− )∆u +∇p = div τ p + f ,




(E(Xt ⊗ F (Xt))− 3]t ),





































(t,x) + u(t,x) · ∇u(t,x)
)
− (1− )∆u(t,x) +∇p(t,x)
= div (τ p(t,x)),
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(E(Xt ⊗ F (Xt))− 3]t ),
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u ∈∈ L∞t (L2y) ∩ L2t (H10,y)
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0,y) ∩ L2t (H2y )
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(X ⊗∇Π(X)) : ∇u(t,x)ψ(t,x,X).

























H(t) ≥ 0 ﬂ=Zsc_ulN x ln(x) ≥ x−1 



















(X ⊗∇Π(X)) : ∇u(t,x)ψ(t,x,X).
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V kh,tn+1 − V kh,tn
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n+1 = max(−A,min(A, Y kn+1))
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(u, p, τ p)
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dRt + u · ∇Rt dt
=
(
3]t − Rt ⊗Rt‖Rt‖2
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V (R) = − 1
L4
E(Rt ⊗Rt) : R⊗R. ﬂ {YÈz'
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3]t − ut ⊗ ut)∇V (ut)
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σ p(t, y, σ) dσ.
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F (X)⊗Xψk(t,x,X)dX − kNk(t,x)kBT 3]t .
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